The expected peak value for a stationary random process can be obtained using the Spectrum Moment Method [1] , which requires only the amplitude spectrum to derive the peak response of a structure. If earthquake motion were a stationary random process, therefore, the peak response could be readily derived using only the Fourier amplitude spectrum of the input earthquake motion and the frequency response function of the structure. However, earthquake ground motion is obviously a non-stationary process, and its nature is intensely controlled by its phase characteristics [2] . This suggests that it is necessary to formulate structural response statistically by taking into account the probabilistic nature of the phase spectrum to obtain the expected peak response value of structures. A methodology to introduce the stochastic characteristics of the phase spectrum into random vibration analysis of a SDOF (single-degree-offreedom) system has been developed, and close solutions of the mean and variance of structural response are derived in this paper. We also conducted numerical simulations using this formula.
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The concept of group delay time t gr (ω) is used to model a phase spectrum φ(ω). The group delay time t gr (ω) is defined by a derivative of the Fourier phase spectrum φ(ω) with respect to circular frequency ω [3] : Figure 1 shows an example of group delay time calculated for earthquake ground motion and band-passed waves. It is evident from the figure that the average group delay time within a certain frequency band with a central frequency of ω expresses the arrival time of a wave component with frequency ω. The distribution width of the group delay time is related to the duration of the wave component's time history. These characteristics of group delay time make it much easier to model than directly modeling the phase spectrum. The mean group delay time µ tgr (ω) and its standard deviation σ tgr (ω) are chosen as the characteristic parameters to represent the stochastic characteristics of the group delay time. 
. ∆φ k is the phase difference at the circular frequency ω k , defined by
. µ tgr,k is the average group delay time at the circular frequency ω k , while S is its covariance matrix. Since the correlation characteristics of the group delay time among neighboring circular frequencies has not yet been clarified, we neglected the correlation in this paper, and the group delay times were treated as being independent of each other along the frequency. In this case, the density distribution function is finally expressed by
where ( )
. σ tgr,k is the standard deviation of the group delay time at the circular frequency ω k . 
Regression equations as functions of epicentral distance R and earthquake magnitude M for these values were such as earthquake acceleration can be expressed by
where a k and φ k are the amplitude and phase of the k-th ‥ decomposed wave z k (t) at a discrete circular frequency ω k , respectively. The phase φ k is defined by
where φ 0 is the initial phase, i.e. the phase at ω=0. C k is the well known frequency response function of the SDOF system, and φ k is the phase difference between the response and input motion, which is defined as follows: A simple model has already been developed to derive the mean and variance of the group delay [2] . Using existing data sets from observed earthquakes, the group delay time of each earthquake motion was calculated for each frequency band range. If the phase spectrum φ (j) (ω k ) at a circular frequency of ω k for the j-th frequency band is given, the group delay time is defined by ( ) ( )
Due to the fluctuating nature of the group delay time in each frequency band, we calculate its average value µ [ ] 
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When the initial phase φ 0 is a uniform random value, the third and fourth terms on the right-hand side of Eq. 5. Estimation of peak response value of SDOF system 5. Estimation of peak response value of SDOF system 5. Estimation of peak response value of SDOF system 5. Estimation of peak response value of SDOF system 5. Estimation of peak response value of SDOF system The response time history y(t) will satisfy a causality condition. The Complex Envelope y c (t) has been defined [4] :
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where y H (t) is the Hilbert transform of y(t). Y(t) is the amplitude of the complex envelope, which represents the envelope of y(t). As the shape of the root mean square E φ [y 2 (t)] of y(t) is similar to the envelope of y(t), the following assumption is introduced:
The relationship between Y(t) and y(t) can be obtained by using Pareseval's theorem.
The coefficient α is therefore determined by
The right side of Eq. (19) is readily calculated by the Fourier spectrum of input motion and the frequency response function using Pareseval's theorem. A response spectrum can be easily calculated using this technique. Figure 5 shows examples of a velocity response spectrum. The coefficient α is about 2.0 for the whole range of the period. The response spectrum calculated by the technique outlined here is consistent with the results of the Monte Carlo simulation. This newly proposed method enables efficient estimation of the response spectrum in consideration of the stochastic characteristics of phase spectrum. 
